Background: Gadolinium diethylenetriamine-pentaacetic acid (Gd-EOB-DTPA) is a developed agent with preferential uptake by hepatocytes. A rapid and specific hepatocyte uptake with biliary excretion was observed of approximately 50% of the injected dose. The amount of contrast uptake is thought to be related to reserve liver function. Objectives: To evaluate correlation between liver signal intensity in the hepatobiliary phase of Gd-EOB-DTPA and reserved liver function by using the model score for end-stage liver disease (MELD). Methods: All patients who underwent magnetic resonance (MR) imaging with Gd-EOB-DTPA were retrospectively collected. The patients with serum creatinine level higher than 1.5 mg/dL or patients without available data to estimate MELD score were excluded. Thirty-six patients were enrolled. A signal-to-noise ratio (SNR) in the liver parenchyma on a fat-suppressed three dimensional fast spoiled-gradient recalled echo sequence images before and 20 minutes after contrast injection were measured and calculated on PACS by two radiologists. The MELD score was determined and interobserver reliability was estimated. Results: Among 36 patients, we found a negative relationship between the percentage enhancement and the MELD score (P < 0.01, r = 0.545). The SNR at 20 minutes after Gd-EOB-DTPA injection also had a negative relationship with the MELD score with statistical significance (P < 0.01, r = 0.460). Interobserver reliability was 0.675.
Brief communication (Original)
Currently, many causes of liver dysfunction, including viral hepatitis, hepatic steatosis, cholestasis and chemotherapy-associated steato-hepatitis have been recognized. Chronic viral hepatitis is a major cause of cirrhosis and can lead to hepatocellular carcinoma (HCC) [1, 2] . Several tests and clinical scores for estimating liver functional reserve are well established before considering hepatic resection or liver transplantation, e.g. conventional liver function tests, Child-Turcotte-Pugh (CTP) score, the model for end-stage liver disease (MELD) score and indocyanine green test [1] .
The CTP score has generally been used, but the MELD score has recently replaced the CTP score [3] . An increase in MELD score is associated with a decrease in residual liver function [4] . The MELD score was formulated as 3.78*log e (bilirubin [mg/dL]) + 11.2*log e (INR) + 9.57*log e (creatinine [mg/dL]) + 6.43 [5] .
Gadolinium diethylenetriamine-pentaacetic acid (Gd-EOB-DTPA, gadoxetic acid) is a developed contrast agent with preferential uptake by the hepatocytes and has been used for almost two decades [6] [7] [8] . A rapid and specific hepatocyte uptake with biliary excretion is observed in approximately 50% of the injected dose. The signal intensity of the liver gradually increases after injection of contrast agent with a peak liver signal intensity about 20 minutes followed by a plateau-like enhancement over 2 hours [6] [7] [8] . The amount of contrast uptake is related to liver functional reserve.
The aim of this study is to evaluate a correlation between liver signal intensity in the hepatobiliary phase of Gd-EOB-DTPA by using percentage enhancement and liver functional reserves using the MELD score.
Material and methods
This study was approved by our local institutional review board. Informed consent was waived because there was neither any additional intervention nor pulse sequence on magnetic resonance (MR) imaging.
Data from all patients who underwent magnetic resonance (MR) imaging with Gd-EOB-DTPA from January 2006 to November 2011 were retrospectively collected. The patients who had serum creatinine higher than 1.5 mg/dL or without available parameters to estimate MELD score within 4 weeks of the MR imaging, were excluded from the study. The parameters were recorded as follows: INR, serum total bilirubin level and serum creatinine. After that, the MELD score was determined.
By using a 1.5 Tesla MR system (Signa EXCITE HD systems, GE Medical Healthcare with an 8-channel phased array coil), the imaging sequences included a fat-suppressed three-dimensional fast spoiled-gradient recalled echo sequence (liver acceleration volume acquisition ([LAVA]) before and after injection of contrast material. Post-contrast T1-weighted images were obtained at 20 minutes after administration of Gd-EOB-DTPA (repetition time, 4.2 ms; echo time, 2.0 ms; flip angle, 12°; slice thickness, 4.4 mm; slice spacing, 2.2 mm; acquisition, 320 × 192; number of excitations, 0.75; image matrix, 512 × 512). Each patient was injected the standard dose of Gd-EOB-DTPA (Primovist, Bayer Schering Pharma, Berlin, Germany) at a dose of 25 micromole/kg of body weight at a flow rate of 2 mL/s using a power injector, followed by a 20 mL saline flush at a rate of 2 mL/s.
Imaging analysis was performed by two boardcertificated radiologists broadly following the method used by Tajima et al. [10] as follows. A signal-to-noise ratio (SNR) in the liver parenchyma on LAVA images before and 20 minutes after contrast injection were measured on picture archiving and communication systems (PACS). Regions of interest (ROIs) drawn as round shapes at the hepatic segment II and VII in the Couinaud's liver segment classification. The ROIs were drawn on normal liver parenchyma away from a focal liver lesion or on an abnormal bile duct dilatation. The ROIs were also drawn at each corner of the background (4 ROIs in total) at the same level (Figure 1) . ROIs before and after contrast injection were compared at the same regions in each patient. The signal intensity of liver and background were calculated as the mean signal intensity (SI liver and SI background, respectively). The area of each ROI was approximately 200 mm 2 . Liver SNR was calculated as follows; SNR = SI liver/SI background.
SNRs of liver parenchyma before and after contrast injection were used to measure a percentage enhancement. The percentage enhancement was calculated as follows: 
Results
Thirty-six patients were enrolled in the study: 26 were men and 10 were women. Their mean age was 58 years and the age range was between 38 and 76 years.
We found a negative correlation between the percentage enhancement and the MELD score (P < 0.01, r = -0.545) (Figure 2 and Table 1 ). The SNR at 20 minutes after the Gd-EOB-DTPA injection also had a negative correlation with the MELD score (P < 0.01, r = -0.460) (Figure 3 and Table 1 ). There was substantial agreement of interobserver reliability of the percentage enhancement (ICC = 0.675) 
Discussion
To date, available studies assessing the relationship between reserve liver function and hepatic enhancement are limited. Ryeom et al. [9] studied the relationship in animals and did not use the SI on the MR imaging. In 2009, the relationship between reserve liver function and SI in hepatobiliary phase of Gd-EOB-DTPA-enhanced MR imaging in human was introduced by Tajima et al. [10] . The authors divided patients into two groups; chronic liver dysfunction and the normal liver function, and found that the degree of liver enhancement in the hepatobiliary phase may reflect liver function.
Katsube et al. [11, 12] suggested that evaluation of hepatic uptake of Gd-EOB-DTPA using T1 mapping and the T2* reduction rate, and the increase rate of the liver-to-muscle signal intensity ratio can help estimate liver function according to CTP score. Tamada et al. [13] concluded that hepatic parenchymal enhancement obtained using Gd-EOB-DTPA was affected by the severity of cirrhosis using CTP score. Nakamura et al. [14] revealed that the relative enhancement of the liver-to-phantom intensity ratio in the CTP C group was significantly lower than in the CTP A and B groups. Based on the pharmacokinetics of Gd-EOB-DTPA and some information from previous studies, we used the percentage enhancement to determine the liver function reserve with a newer model to determine residual liver function, the MELD score. We also evaluated the correlation between the SNR at 20 minutes after Gd-EOB-DTPA with the MELD score. We found that the lower the percentage enhancement and the SNR at hepatobiliary phase (20 minutes after Gd-EOB-DTPA injection), the higher the MELD score. This statistically significant correlation leads us to study further and obtain data, which can be used as a complement of, or a replacement for, the tests and scores for liver function reserve estimation.
The recent report by Verloh et al. [15] also focused on the usefulness of Gd-EOB-DTPAenhanced MRI to determine the hepatic functional reserve and the results are quite similar as ours; the uptake of Gd-EOB-DTPA in hepatocysts is strongly affected by liver function. In our study, we added on information about the interobserver reliability of the percentage enhancement as well, which shows substantial agreement. This means there is some difficulty for practical use and interpretation by this method.
There are some limitations of our study. Firstly, we can conclude only statistically significant correlation between the percentage enhancement and SNR at 20 minutes after Gd-EOB-DTPA injection with the liver function reserve. Further studies are required to quantitatively estimate the hepatic function reserves from the liver SI. Secondly, there were relatively small number of samples. Further investigation with a larger sample size should be conducted to ensure the significant correlation.
Conclusion
The percentage enhancement and liver SI in the hepatobiliary phase of Gd-EOB-DTPA is helpful in predicting liver functional reserves. 
